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I. Introduction
Heat exchangers are systems that transfer heat between fluid mediums. The fluids or gases in a heat exchanger can be mixed or the energy transference can go through a conductive wall that keeps them separate. Structural integrity of the shell & tube heat exchanger box can be checked by using (13) Appendix 13 of ASME Sec VIII Div I and other parts of the shell & tube heat exchanger box with the respective clauses of ASME code. For installing the shell & tube heat exchanger box opening is made on it, this opening of the vessel must be reinforced with an equal amount of metal which has been cut out for the opening. The reinforcement may be an integral part of the vessel may be an additional reinforcing pad. In addition the compensation must account for the bending strength as well as the membrane strength. The reinforcement calculations for openings according to UG-39 are required in addition to bending & membrane strength. However, the calculation of ‗Area required', according to UG-39, requires that the ‗required thickness'(tr) be substituted for in the formula, and it has not been calculated, since the method used in Appendix 13 is by assuming a thickness and calculating stresses then comparing with allowable stresses and yield stress. This means that ‗required thickness' (tr) cannot be directly calculated. Accordingly, the required area ‗A' cannot be directly calculated however in this case nozzle opening is larger than ½ of the shell & tube heat exchanger opening hence is beyond the scope of UG-39 of ASME Sec VIII Div-I and therefore the calculation has to done by finite element method.
II. About Shell & Tube Heat Exchanger
Shell & tube heat exchanger is used where differential temperature between two passes exceeds 111 deg C. Shell & tube heat exchangers are type of tapped cover shell & tube heat exchangers which are made in two different pressure compartments such that each compartment has geometry to allow only one pass of fluid to pass through it. Shell-and-tube heat exchangers are used widely in the chemical process industries, especially in refineries, because of the numerous advantages they offer over other types of heat exchangers. A lot of information is available regarding their design and construction. The present notes are intended only to serve as a brief introduction. Mechanical standards for shell-and-tube heat exchangers are set by TEMA (Tubular Exchangers Manufacturers Association) and these supplement the ASME code for such heat exchangers. API (American Petroleum Institute) Standard 660 supplements both of these standards, and chemical and petroleum companies also have their own internal standards in addition. Advantages Here are the main advantages of shelland-tube heat exchangers It is also designed as per ASME Sec VIII Div 1 Mandatory Appendix 13 and API-661. Further differential tube expansion due to shell & tube heat exchanger movement is calculated which depends upon operating temperature and metallurgy used. Material properties are taken from ASME Sec II-D. In order to restraint the model correctly, a 200mm portion of the shell is modeled. A cylindrical coordinate system is created at the center of the shell. The area of the shell, shown in red, is restrained in the longitudinal direction and in the theta direction. It is allowed to move in the radial direction.
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Restraint And Load Conditions.
Finite Element Analysis of Opening Plate, Fixed Tube Sheet And Floating Sheet of Shell & Tube Heat
Case 1 -Shell Side Pressure
The inner wall of the opening plate is applied with the pressure of 2.099 MPa. This is shown in blue color and green color. Direction of pressure is shown by arrows. 
IV. Finite Element Modeling
The analysis is performed using finite element analysis computer program. The model is meshed with shell mesh elements, finite element length 10. Elements have a constant state of strain or stress over the integration domain. Elements are more preferable to accurately capture the variation in the result (stress, strain and displacement) across the part. The model is meshed all over. The thickness of the different mesh of the model is changed to take care of varying thickness of shell & tube heat exchanger top plate and nozzle. As the shell & tube heat exchangers top plate and nozzle is analysed for FEA analysis, which is welded on the edge surface of tube sheet, plug sheet & end plates. So the top plate behaves as a shell member with all its surface edges restrained. (13) The stress evaluation is performed as per Appedix-4 of ASME Code Section VIII, Div 2, Ed 2004 addenda 2006 at pressure max. 1200psi. The primary and primary plus secondary stress intensities are checked at top middle and bottom shell of the plate and displacement evolution has been carried out for the same model.
Boundary Conditions
As the shell and tube is analyzed for FEA analysis, which is welded on the edge surface of tube sheet, So the opening plate sheet and fixed plate sheet with all its surface edges. Hence, the restraint condition of the holes of opening sheet and fixed sheet is Ux=0, Uz=0, Uy=0, Rx= Ry=Rz=0 The shell & tube heat exchanger are connected with pipe lines during operation part from load due to internal pressure, plates are subjected to external forces and moments applied simultaneously. It is assumed that the external forces and moments are 2 times of API allowable load for nozzles & shell & tube heat exchanger. For simplicity, analysing at the steady state position simulates the loading of the shell & tube heat exchanger.
Criteria Of Acceptability
The acceptance criteria are as per ASME VIII, Div. 2.
-Design based on stress analysis‖. 1. Stress intensity derived from the average value across the thickness of a section of the General Primary Stress (Pm) produced by internal pressure and other loads but excluding geometrical discontinuities and all secondary and peak stresses must be less than Sm ; where Sm is the allowable stress intensity of material at design temperature. 2. Stress intensity derived from the average value across the thickness of a section of the Local Primary Stress (PL) produced by internal pressure and other loads including geometrical discontinuities but excluding all secondary and peak stresses must be less than 1.5 Sm. 3. Stress intensity derived from the average value across the thickness of a section of the Local Primary membrane stress plus primary stress proportional to distance from centroid produced only by mechanical load ((PL + Pb) must be less than 1.5 Sm. 4. Stress intensity derived from the addition of local primary membrane equivalent stress, secondary bending equivalent stress & secondary equivalent stress ((PL + Pb + Q) across the thickness of a section must be less than 3 Sm.
Stress Linearization Of Opening Plate, Fixed Tube And Floating Tube Sheet
The acceptance criterion is as per ASME VIII, Div2, Ed 2010 Design by Analysis requirement:  General Primary Membrane Equivalent Stress (Pm) : Equivalent stress derived from the average value across the thickness of a section of the General Primary Stress (Pm) produced by internal pressure and other mechanical loads but excluding geometrical discontinuities and all secondary and peak stresses must be less than S; where S is the allowable stress of material at design temperature.  Primary Membrane (General or Local) Plus Primary Bending Equivalent Stress (PL + Pb): Equivalent stress derived from the average value across the thickness of a section of Local primary membrane stress plus primary stress proportional to distance from centroid produced only by mechanical load (PL + Pb) must be less than 1.5 S. 
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VI. Conclusion
The design of the Opening Plate, The Floating Tube Sheet and the Fixed Tube Sheet are safe for the loading conditions specified
